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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 This invention relates to article surveillance systems and markers for use therein. More particularly, the 
Invention provides a coded ferromagnetic metal marker that enhances the sensitivity and reliability of the 
artide surveilance system. 

Description of the Prior Art 

to The problem of protection of articles of merchandise and the like, against theft from retail stores has 
been the subject of numerous technical solutions. Among these, a tag or marker is secured to an article to 
be protected. The marker responds to an interrogation signal from transmitting apparatus situated either at 
the exit door of the premises to be protected, or at the aisieway adjacent to the cashier or check out station. 
A receiving coil on the opposite side of the exit or aisieway from the transmitting apparatus, receives a 
signal produced by the marker in response to the Interrogation signal. The presence of the response signal 
indicates that the marker has not been removed or deactivated by the cashier, and that the artide bearing it 
may not have been paid for or properly checked out 

Several different types of markers have been disclosed in the literature, and are in use. In one type, the 
functional portion of the marker consists of either an antenna and diode or an antenna and capacitors 

*o forming a resonant circuit When placed in an electromagnetic field transmitted by the Interrogation 
apparatus, the antenna-diode marker generates harmonics of the interrogation frequency in the receiving 
antenna; the resonant circuit marker causes an Increase in absorption of the transmitted signal so as to 
reduce the signal in the receiving coil. The detection of the harmonic or signal level change indicates the 
presence of the marker. With this type of system, the marker must be removed from the merchandise by 

25 the cashier. Failure to do so indicates that the merchandise has not been properly accounted for by the 
cashier. 

From US — A — 4,298,862 a second type of marker is known which consists of a first elongated element 
of high magnetic permeability ferromagnetic material disposed adjacent to at least a second element of 
ferromagnetic material having higher coercivity than the first element When subjected to an interrogation 

30 frequency of electromagnetic radiation, the marker causes harmonics of the Interrogation frequency to be 
developed in the receiving coil. The detection of such harmonics indicates the presence of the marker. 
Deactivation of the marker is accomplished by changing the state of magnetization of the second element 
Thus, when the marker is exposed to a dc magnetic field, the state of magnetization In the second element 
changes and, depending upon the design of the marker being used, either the amplitude of the harmonics 

35 chosen for detection is significantly reduced, or the amplitude of the even numbered harmonics is 
significantly changed. Either of these changes can be readily detected In the receiving coil. 

Ferromagnetic harmonic generating markers are smaller, contain fewer components and materials, 
and are easier to fabricate than resonant-circuit or antenna-diode markers. As a consequence, the 
ferromagnetic marker can be treated as a disposable item affixed to the article to be protected and disposed 

*o of by the customer. Such markers may be readily deactivated by the application of a magnetic field pulse 
triggered by the cashier. Hence, handling costs associated with the physical removal requirements of 
resonant-circuit and antenna-diode markers are avoided. 

One of the problems with harmonic generating, ferromagnetic markers is the difficulty of detecting the 
marker signal at remote distances. The amplitude of the harmonics developed in the receiving antenna is 

4£ much smaller than the amplitude of the interrogation signal, with the result that the range of detection of 
such markers has heretofore been limited to aisle widths less than about one meter (three feet). Another 
problem with harmonic generating, ferromagnetic markers is the difficulty of distinguishing the marker 
signal from pseudo signals generated by belt buckles, pens, hair clips and other ferromagnetic objects 
carried by shoppers. The merchant's fear of embarrassment and adverse legal consequences associated 

so W |th false alarms triggered by such pseudo signals will be readily appreciated. Yet another problem with 
such ferromagnetic markers is their tendency to be deactivated or reactivated by conditions other than 
those imposed by components of the system- Thus, ferromagnetic markers can be deactivated purposely 
upon juxtaposition of a permanent magnet or reactivated inadvertently by magnetization loss In the second 
ferromagnetic element thereof. Still another problem with harmonic generating ferromagnetic markers is 

55 the difficulty of distinguishing one marker from another. For these reasons, article surveillance systems 
have resulted in higher operating costs and lower detection sensitivity and operating reliability than are 
considered to be desirable. 

A marker and surveillance system similar to the present one is described in the copending 
EP— A— 0 093 281, wherein the marker comprises only a single strip of magnetostrictive ferromagnetic 

w material and the corresponding system is adapted to detect the presence of such a strip within an 
interrogation zone. 

SUMMARY OF THE INVENTION 
The present Invention provides a marker capable of producing identifying signal characteristics in the 
55 presence of a magnetic field applied thereto by components of an article surveillance system. The marker 
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has high signal amplitude and a controllable signal signature and is not readily deactivated or reactivated 
by conditions other than those imposed by components of the system. In one aspect of the invention, the 
marker signal contains plural signal criteria which permit differentiation among a plurality of markers 
appointed for interrogation by the artlde surveillance system. In another aspect of the invention, such 

s differentiation is accomplished by signal modification of markers having single signal criteria. 

In addition, the Invention provides an article surveillance system responsive to the presence within an 
Interrogation zone of an article to which an encoded marker is secured. The system provides for high 
selectivity and is characterized by a high signal-to-noise ratio and encoded markers having signal criteria 
that permit differentiation among a plurality of markers upon interrogation thereof. Briefly stated, the 

to system has means for defining an interrogation zone- Means are provided for generating a magnetic field 
of varying frequency wfthin the interrogation zone. A marker is secured to an article appointed for passage 
through the interrogation zone. The marker comprises a plurality of elongated, ductile strips of 
magnetostrictive ferromagnetic material each of the strips being adapted to be magnetically biased and 
thereby armed to resonate mechanically at a different preselected frequency within the frequency band of 

ts the incident magnetic field, A hard ferromagnetic element disposed adjacent to the strips of magneto- 
strictive material, is adapted, upon being magnetized, to arm each of the strips to resonate at its 
preselected frequency. Each of the strips of magnetostrictive material has a magnetomechanical coupling 
factor, k# greater than 0, where 

20 k- VtHW. 1 ). 

f r and f a being the resonant and antiresonant frequencies, respectively. Upon exposure to said magnetic 
bias each of the strips is characterized by a substantial change in Its effective magnetic permeability at its 
preselected frequency as the applied ac field sweeps through each of the resonant frequencies thereof that 
25 provides the marker with signal Identity. A detecting means detects the change In coupling between the 
interrogating and receiving coils at each different preselected frequency, and distinguishes it from changes 
in coupling at other frequencies. 

BHIEF DESCRIPTION OF THE DRAWINGS 
so The invention will be more fully understood and further advantages will become apparent when 
reference is made to the following detailed description of the preferred embodiment of the Invention and 
the accompanying drawings In which: 

Fig. 1 is a block diagram of an article surveillance system incorporating the present invention; 
Fig, 2 Is a diagrammatic illustration of typical store installations of the system of Fig, 1, the stores being 
35 located In a shopping mall; 

Fig. 3 Is a graph showing the voltage induced by magnetomechanical energy exchange of an article 
surveillance marker over a preselected frequency range; 

Fig. 4 is an Isometric view showing components of a marker adapted for use in the system of Rg. 1; 
Rg. 5 is an Isometric view showing a flexible casing adapted to protect the marker of Rg. 4 against 
40 damping; 

Rg. 6 is a schematic electrical diagram of an interrogation and detection scheme comprising part of the 
article surveillance system of Rg. 1; 

Rg. 7 Is a schematic electrical diagram of an interrogation and detection scheme comprising a part of 
an alternative embodiment of the article surveillance system of Fig. 1; and 
45 Rg. 8 is a graph depicting the magnetic field dependence of the resonant frequency for an iron-cobalt 

containing amorphous metal alloy of which an article surveillance system marker is comprised. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The magnetomechanical marker of article surveillance system 10 can be fabricated in a number of 

so diverse sizes and configurations. As a consequence, the Invention will be found to function with many 
varieties of surveillance systems. For Illustrative purposes the invention is described in connection with an 
antipilferage system wherein articles of merchandise bearing the markers are surveyed by the system to 
prevent theft of the merchandise from a retail store, it will be readily appreciated that the invention can be 
employed for similar and yet diversified uses, such as the identification of articles or personnel, wherein 

55 the marker and the system exchange magnetomechanical energy so that the marker functions as 
(1 } personnel badge for control of access to limited areas, (2) a vehicle toll or access plate for actuation of 
automatic sentrys associated with bridge crossings, parking facilities, industrial sites or recreational sites, 
(3) an identifier for check point control of classified documents, warehouse packages, library books and the 
like, and (4) product verification. Accordingly, the invention is intended to encompass modifications of the 

so preferred embodiment wherein one or more resonant frequencies of the marker provides animate or 
inaminate objects (hereinafter referred to as "articles") bearing it with signal identity. 

Referring to Rgures 1, 2 and 4 of the drawings, there is. shown an article surveillance system 10 
responsive to the presence of an article within an Interrogation zone. The system 10 has means for defining 
an Interrogation zone 12. A field generating means 14 is provided for generating a magnetic field of 

65 variable frequency within Interrogation zone 12. A marker 16 is secured to an article 19 appointed for 
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passage through the interrogation zone 12. The marker comprises a plurality of elongated ductile strips 18, 
18' of magnetostrictive, ferromagnetic material adapted, when armed, to resonate mechanically at 
preselected frequencies within the range of the incident magnetic field. A hard ferromagnetic element 44 
disposed adjacent to each of the strips 18, 18' of magnetostrictive material is adapted, upon being 
* magnetized, to magnetically bias the strips 18 r 18' and thereby arm them to resonate at their preselected 
frequencies. Each of the strips 18, 18' has a magnetomechanical coupling factor, k, greater than 0 r where 

k«V(i- ff 2 /fA 

10 f r and f a being the resonant and anti-resonant frequencies, respectively. 

Upon exposure to the magnetic field within interrogation zone 12, marker 16 Is characterized by a 
substantial change in Its effedtve magnetic permeability at the resonant and/or anti-resonant frequency 
(shown in figure 3 as f f and fj of which each of the preselected frequencies are comprised that provides 
marker 16 with signal identity. A detecting means 20 Is arranged to detect changes In coupling produced in 

** the vicinity of the interrogation zone 12 by the presence of marker 16 therewithin. 

In another aspect of the invention, the article surveillance system 1 0 is responsive to the presence of at 
least one of a plurality of markers within interrogation zone 12. Held generating means 14 generates a 
magnetic field having a frequency band within interrogation zone 12. A plurality of markers 18, 16', 1 6" are 
appointed for passage through interrogation zone 12. Each of the markers 16, 16', 16" is characterized by a 

20 substantial change In Its effective magnetic permeability at a different preselected frequency within the 
frequency band that provides the markers with signal identity. Each marker comprises an elongated ductile 
strip of magnetostrictive, ferromagnetic material adapted to be magnetically biased and thereby armed to 
resonate mechanically at a frequency within the frequency band of the magnetic field. A detecting means 
detects resonances of the markers within the interrogation zone at each different preselected frequency. 

25 Typically, the system 10 includes a pair of coil units 22, 24 disposed on opposing sides of a path leading 
to the exit 26 of a shopping mall 2 comprising a plurality of stores. Detection circuitry, including an alarm 
28, Is housed within a cabinet 30 located near the mall 2 exit 26. Articles of merchandise 1 9, 19', 19" such as 
wearing apparel, appliances, books and the like are displayed within the stores. Each of the articles 19, 19', 
19" has secured thereto a marker 16, 16', 16", constructed in accordance with the present invention. As 

so shown in Figure 4, the marker 16, 16', 16" Includes a plurality of elongated, ductile magnetostrictive ferro- 
magnetic strips 18, 18' that are normally in an activated mode. When marker 16, 16', 16" is in the activated 
mode, placement of an article 19, 19', 19" between coil units 22 and 24 of interrogation zone 12 will cause 
an alarm to be emitted from cabinet 30. In this manner, the system 10 prevents unauthorized removal of 
articles of merchandise 19, 19 1 , 19" from the mall 2. 

& The resonant frequencies of the markers 16, of store 5 differ from those of the markers 16' of store 7, 
Similarly, the resonant frequencies of the markers 16" of store 9 differ from those of the markers 16, 16' of 
stores 5 and 7, respectively. Detection means 20 is provided with logic circuitry responsive to the different 
preselected frequencies of markers 16, 16', 16", for actuating an audible or visual signal (such as a voice 
synthesized message, an illuminated sign or the like) that indicates the store from which each of markers 

40 16, 16', 16" originated. In this manner, the system 10 avoids the necessity for duplicating the detection and 
Interrogation components, which are relatively expensive. 

Referring now to the illustration of store 5 in Fig. 2, disposed on a checkout counter near cash register 
36 is a deactivator system 38. The latter can be electrically connected to cash register 36 by wire 40. Articles 
19 that have been properly paid for are placed within an aperture 42 of deactivation system 38, whereupn a 

*5 magnetic field is applied to marker 16. The deactivation system 38 has detection circuitry adapted to 
activate a desensitizing circuit in response to coupling signals generated by marker 16. The desensitizing 
circuit applies to marker 16 a magnetic field that places the marker 16 in a deactivated mode, by either 
increasing or decreasing the magnetic bias field strength of the hard ferromagnetic material, by an amount 
sufficient to move the f r and f a outside of the frequency range of the applied field or to decrease the 

so coupling factor k sufficiently to make it undetectable. The article 1 9 carrying the deactivated marker 16 may 
thBn be carried through interrogation zone 12 without triggering the alarm 28 In cabinet 30. Deactivation of 
markers 16', 16" in stores 7 and 9 is effected in the same manner by the deactivation system 38 located 
therewithin. 

The theft detection system circuitry with which the marker 1 6 is associated can be any system capable 
55 of (1) generating within an interrogation zone an incident magnetic field of variable frequency, (2) detecting 
changes in coupling at frequencies produced in the vicinity of the interrogation zone by the presence of the 
marker and (3) distinguishing the particular resonant and/or anti-resonant changes in coupling of the 
marker at different preselected frequencies provided by strips 18, 18' from other variations in signals 
detected. 

so Such systems typically Include means for transmitting a varying electrical current from an oscillator 
and amplifier through conductive coils that form a frame antenna capable of developing a varying 
magnetic field. An example of such antenna arrangement is disclosed in French Patent 763,681, published 
May 4, 1934. 

In accordance with a preferred embodiment of the invention, marker 16 comprises a plurality of strips 
65 18, 18', each of which is composed of a magnetostrictive amorphous metal alloy. Each of the strips 18, 18' 
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Is elongated, ductile and composed of a composition consisting essentially of the formula M a N b O j> X d Y B Z f ^ 
where M is at least one of Iron and cobalt, N is nickel, 0 is at least one of chromium and molybdenum, X is 
at least one of boron and phosphorous, Y is silicon, Z is carbon, "a"— "f ' are in atom percent, "a" ranges 
from about 36-65, "b" ranges from about 0-^*5, "c" ranges from about 0—7, "d" ranges from about 

5 5—22, "e" ranges from about 0—15 and 'V ranges from about 0—2, and the sum of d + e + f ranges from 
abort 15— 25. . . , 

It has been found that strips 18, 18' of material having the formula specified above are particularly 
adapted to resonate mechanically at preselected frequencies of an Incident magnetic field. While we do not 
wish to be bound by any theory, it is believed that in markers of the aforesaid composition, direct magnetic 

to coupling between an ac magnetic field and the marker 16 occurs by means of the following mechanism. 
When a ferromagnetic material such as an amorphous metal ribbon Is In a magnetic field (H), the 
ribbon's magnetic domans are caused to grow and/or rotate. This domain movement allows magnetic 
energy to be stored, in addition to a smaJI amount of energy which is lost as heat. When the field is 
removed, the domains return to their original orientation releasing the stored magnetic energy, again 

is minus a small amount of energy lost as heat. Amorphous metals have high efficiency in this mode of 
energy storage. Since amorphous metals have no grain boundaries and have high resistivities, their energy 
losses are extraordinarily low. 

When the ferromagnetic ribbon Is magnetostrictive, an additional mode of energy storage la also 
possible. In the presence of a magnetic field, a magnetostrictive amorphous metal ribbon will have energy 

20 stored magnetically as described above but will also have energy stored mechanically via magneto- 
striction. This mechanical energy stored can be quantified as U B = (1/2) TS where T and S are the stress and 
strain oh the ribbon. This additional mode of energy storage may be viewed as an increase in the effective 
magnetic permeability of the ribbon. 

When en ec magnetic field and a dc field are introduced on the magnetostrictive ribbon (such as can be 

23 generated by ac and dc electric currents in a solenoid), energy is alternately stored and released with the 
frequency of the ec field. The magnetostrictive energy storage and release are maximal at the material's 
mechanical resonance frequency and minimal at its anti-resonance. This energy storage and release 
induces a voltage in a pickup coil via flux density changes in the ribbon. The flux density change may also 
be viewed as an increase in effective magnetic permeability at the resonant frequency and a decrease at 

so anti-resonance, thus, in effect increasing or decreasing, respectively, the magnetic coupling between the 
driving solenoid and a second pickup solenoid. The voltage induced by the purely magnetic energy 
exchange is linear with frequency and the change in voltage with frequency Is small over a limited 
frequency range. The voltage Induced by the magnetomechanlcal energy exchange is also linear with 
frequency except near mechanical resonance. For a thin ribbon the mechanical resonance frequency Is 

3s given by: 



1/2 



f R = P/2L) (E/D) 

where L, E and D are the length, Youngs modulus and mass density of the ribbon and n indicates the order 
40 of the harmonic Therefore, when the frequency of the ac magnetic field is swept around f«, a characteristic 

signature is generated. The resonance peak is closely followed by an anti-resonance peak shown in Fig. 3. 

This anti-resonant peak occurs when the mechanical energy stored is near zero. 

The transfer of magnetic and mechanical energy described above Is called magnetomechanical 

coupling (MMC), and can be seen In all magnetostrictive materials. The efficiency of this energy transfer is 
46 proportional to the square of the magnetomechanlcal coupling factor (k), and is defined as the ratio of 

mechancial to magnetic energy. Phenomenologlcally, k is defined as 



k = V(l-f r »/f.*) 

so where f r and f B are the resonant and anti-resonant frequencies described above. The larger the k factor, the 
greater the voltage difference between resonant peak and anti-resonant valley. Also, the larger the K the 
larger the difference In frequency between resonance and anti-resonance. Therefore, a large k facilitates 
the observation of the MMC phenomena. 

Coupling factors are influenced In a given amorphous metal by the level of bias field present, the level 

55 of internal stress (or structural anlsotropy) present and by the level and direction of any magnetic 
anisotropy. Annealing an amorphous metal relieves Internal stresses, thus enhancing k. The structural 
anlsotropy is small due to the ribbon's amorphous nature, also enhancing k. Annealing in a properly 
oriented magnetic field can significantly enhance coupling factors. Domain movement can be maximized 
when the ribbon has a magnetic anisotropy which is perpendicular to the interrogating field. Because of 

€0 demagnetizing field effects. It is practical to interrogate the ribbon only its length (this being the longest 
dimension). Therefore, the Induced magnetic anisotropy should be transverse to the long dimension of the 

ribbon. . _ _ _ . . 

Maximum values of k are obtained by annealing the ribbon in a saturating magnetic field which Is 
perpendicular to ribbon length (cross-field annealed). For a 1,3 cm (1 inch) ribbon, a field of a few hundred 
es oersted Is required. The optimum time and temperature of the anneal depends on the alloy employed. As 
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an example, an iron-boron-silicon alloy yields an optimum coupling (k > 0.90) when cross-field annealed at 
400°C for 30 minutes. This anneal yields an optimum bias field of 1 Qe. For alloys having the compositions 
specified hereinabove, the annealing temperature ranges from about 300 to 450°C and the annealing time 
ranges from about 7 to 120 min. 

* The anneal also affects the bias field required to optimize k. For a given amorphous metal with a given 
anneal, tha coupling depends strongly on the bias field. At zero and saturating fields, the coupling is zero 
(no resonant and anti-resonant phenomena). For a given alloy, an optimum bias field exists which yields a 
maximum k. For alloys having the compositions specified herein, the bias field required to optimize k 
ranges from about 0.1 to 20 Oe. 

"> Even though most magnetostrfctive materials will exhibit some MMC, amorphous metal yield 
extremely high coupling factors, and are, therefore highly preferred. As-cast amorphous metals yield 
higher k than most other magnetostrictive materials. No material has higher k than amorphous metals 
when cross-field annealed. Amorphous metals have high k because they have: 

(a) low magnetic losses (no grain boundries, high resistivity), (b) low structural and stress anisotropy, 
(c) reasonable magnetostriction and (d) can be given a beneficial mangetic anisotropy. 

Amorphous metal alloys make good markers because (a) they have high k— even as-cast, (b) they are 
mechanically strong, tough and ductile, (o) they require low bias fields and (d) they have extremely high 
magnetostrictivity (they develop a large force upon resonating and are, therefore, more difficult to damp 
out). It will be appreciated, therefore, that the amorphous metals of which the marker of this invention is 

20 composed need not be annealed, but may be incorporated into the marker "as cast". 

Examples of amorphous ferromagnetic marker compositions in atomic percent within the scope of the 
invention are set forth below in Table 1. 



25 
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TABLE 1 

ALLOY AS-CAST 3c OPTIMAL ANNEALED k 

Fe 78 Si 9 B 13 0,35 >0 - 90 

Pe 79 Si 5 B 16 °* 31 >0 '*° 

Fe 81 B 13.5 Si 3.5 C 2 °-22 >0.90 

Fe 67 Co 18 B l4 Si l °' 45 °' 72 

Fe 40 Nl 38 M °4 B 18 °- 23 °- 50 

- * - . . _ .».-., . 

40 Examples of amorphous metals that have been found unsuitable for use as article surveillance system 
markers are set forth in Table 2, 
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TABLE 2 
COMPOSITION PERCENT 





EXAMPLE 1 


EXAMPLE 2 




Ni at.% 


71.67 


Mi at.% 


65.63 




wt.% 


84.40 


wt.% 


76.97 




Cr at.% 


5.75 


Cr at.% 


11.53 


10 


wt.% 


6 


wt.% 


12.0 




B at.% 


12.68 


B at.% 


11.58 




wt.% 


2.75 


wt.% 


2.5 


15 


Si at.% 


7.10 


Si at.% 


7.13 




wt.% 


4 


wt.% 


4 




Fe at.% 


2.23 


Fe at.% 


3.14 


20 


wt.% 


2.5 


wt.% 


3.5 




C at.% 


.25 


C at.% 


.12 




wt.% 


.06 


wt.% 


.03 


25 


P at.% 


.032 


P at.% 


- 




wt.% 


.02 


wt.% 


- 




S at.% 


.031 


S at.% 


- 


30 


wt.% 
Al at.% 


.02 
.093 


wt.% 
Al at.% 


_ 




wt.% 


.05 


wt.% 






Ti at.% 


.052 


Ti at.% 




35 


wt.% 


.05 


wt.% 






Zr at.% 


.027 


Zr at.% 






wt.% 


.05 


wt.% 




40 


Co at.% 


.085 


Co at.% 


.85 




wt.% 


.1 


wt.% 


1.0 



43 

The amorphous ferromagentic metal marker of trie invention is prepared by cooling a melt of the 
desired composition at a rate of at least about lO^C/sec, employing metal alloy quenching techniques well- 
known to the amorphous metal alloy art; see, e.g., US. Patent 3,856,513 to Chen at al. The purity of all 
compositions is that found in normal commercial practice. 
so A variety of techniques are variable for fabricating continuous ribbon, wire, sheet, etc- Typically, a 
particular composition is selected, powders or granules of the requisite elements in the desired portions 
are melted and homogenized, and the molten alloy is rapidly quenched on a chill surface, such as a rapidly 
rotating metal cylinder. 

Under these quenching conditions, a metastable, homogeneous, ductile material is obtained. The 
55 metastable material may be amorphous, in which case there is no long-range order. X-ray diffraction 
patterns of amorphous metal alloys show only a diffuse halo, similar to that observed for inorganic oxide 
glasses. Such amorphous alloys must be at least 50% amorphous to be sufficiently ductile to permit 
subsequent handling, such as stamping complex marker shapes from ribbons of the alloys without 
degradation of the marker's signal identity. Preferably, the amorphous metal marker must be at least 80% 
60 amorphous to attain superior ductility. 

The metastable phase may also be a solid solution of the constituent elements. In the case of the 
marker of the invention, such metastable, solid solution phases are not ordinarily produced under 
conventional processing techniques employed In the art of fabricating crystalline alloys- X-ray diffraction 
patterns of the solid solution alloys show the sharp diffraction peaks characteristic of crystalline alloys, with 
55 some broadening of the peaks due to desirable fine-grained size of crystallites. Such metastable materials 
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are also ductile when produced under the conditions described above. 

The magnetostrictive strips 18, 18' of which marker 16 is comprised are advantageously produced In 
foil {or ribbon) form, and may be used In theft detection applications as cast whether the material is 
amorphous or a solid solution. Alternatively, foils of amorphous metal alloys may be heat treated to obtain 
a crystalline phase, preferably fine-grained, in order to promote longer die life when stamping of complex 
marker shapes is contemplated. 

The amorphous ferromagnetic material of strips 18, 18' is exceedingly ductile. By ductile is meant that 
the strips 18, 18' can be bent around a radius as small as ten times the foil thickness without fracture. Such 
bending of the strips 18, 18' produces little or no degradation in magnetic properties generated by the 
marker upon application of the interrogating magnetic field thereto. As a result, the marker retains Its signal 
identity despite being flexed or bent during (1) manufacture {e.g., cutting, stamping or otherwise forming 
the strips 18, 18' into the desired length and configuration) and, optionally, applying hard magnetic biasing 
magnets thereto to produce an on/off marker, {2) application of the marker 16 to the protected articles 19, 
(3) handling of the articles 19 by employees and customers and (4) attempts at signal destruction designed 
to circumvent the system 10. 

In assembly of marker 16, strips 18, 18' are disposed adjacent to a ferromagnetic element 44, such as a 
biasing magnet capable of applying a dc field to strip 18. The biasing magnet has a configuration and 
disposition adapted to provide each of strips 18, 18' with a single pair of magnetic poles, each of the poles 
being at opposite extremes of the long dimension of each of strips 18, 18'. The composite assembly is then 
placed within the hollow recess 60 of a rigid container 62 composed of polymeric material such as 
polyethylene or the like, to protect the assembly against mechanical damping. The biasing magnet 44 is 
typically a flat strip of high coercivity material such as SAE 1095 steel, Vicalloy, Remalloy or Amokrome. 
Such biasing magnet 44 is held in the assembly in a parallel, adjacent plane, such that the high coercivity 
material does not cause mechanical interference with the vibration of the strips 18, 18'. Generally, biasing 
magnet 44 acts as one surface of the package. Alternatively, two pieces of high magnetic coercivity material 
may be placed at either end of each of strips 18, 18', with their magnetic poles so arranged as to induce a 
single pole-pair in each of strips 18, 18'. This configuration of the assembly Is thinner but longer than that 
utilizing a single piece of high coercivity material In an adjacent parallel plane to the permeable strips. 
Alternatively the bias field can be supplied by an external field coil pair disposed remotely from the target 
in the exit or atsleway. In this embodiment, the biasing magnet made of high coercivity material would not 
be required. Such a target is not readily deactivated In the manner of targets equipped with biasing magnet 
44. Further, biasing magnet 44 can comprise a plurality of pieces of high coercivity material, as in the order 
of up to 10 or more pieces, disposed longitudinally of strips 18, 18'. Accordingly, marker configurations in 
which the bias field is provided by a hard ferromagnetic material located proximate strips 18, 18' are 
preferred. 

As shown in Figure 5, a soft, semi-flexible package may be used to protect strips 18, 18' against 
damping. Thus, strips 18, 18' may be sandwiched between the faces of two pieces of either a flocked or 
velvet fabric 75. By adjusting the planar dimensions of each piece of the fabric to be somewhat greater than 
the corresponding aggregate dimensions of the strip 18 r the edges of the fabric can be pressed together 
with adhesive tape 80, glued, heat sealed, sewn or otherwise joined to form a compliant, sealed closure. 
The desired piece of high coercivity material required for magnetically biasing the strips 18, 18' Is then 
placed on the back surface of one of the fabric pieces, and adhered to it in order to prevent movement 
relative to the strips 18, 18'. The fabric sandwiched strips 18, 18' are then placed inside an airtight casing of 
polymeric film just large enough to contain them. The package is sealed with a quantity of air contained 
therein to form a pillow-like shape. This package Is flexible and smaller in overall volume than is the 
corresponding rigid package. It Is, however, more easily subjected to external pressure, which will damp 
the vibrations of the strip 18, 18'. This package is readily produced at high speed on standard packaging 
machinery such as that used to package confectionary or disposable medical supplies. 

Unlike markers which generate harmonics of the interrogation frequency in the pickup coil, resonant 
frequency markes generate a distinctive increase in the voltage induced in the pickup coil when the primary 
or drive frequency equals the resonant frequency. In the case of harmonic generating markers, the feature 
which distinguishes the presence of the high magnetic permeability material in the marker from other 
ferromagnetic materials is the generation of harmonics of high order. Hence, in order to distinguish 
between the two materials, detection of the presence of these high order harmonics is required. Typically, 
the voltage of high order harmonics is only a few percent of the voltage of the primary, or drive frequency. 

En contrast, the resonant frequency marker of the present invention Is distinguished from other objects 
by the particular shape of the signal generated In the marker when the drive frequency passes through the 
preselected resonant frequencies of the marker. Requiring that a bias field be present also facilitates the 
process of distinguishing the marker from other Items. The marked effect upon the fundamental frequency 
voltage induced in the pickup coil by the desired marker makes it easy to detect in the presence of other 
objects. Figure 3 shows the increase in induced voltage in a pickup coil caused by the marker when the 
Interrogating field is swept around the resident freqency of the marker. This voltage increase occurs only 
when the marker is subjected to a magnetic field whose frequency band width includes the resonant 
frequencies that are preselected for each marker. 

In operation, the system is equipped with an interrogation and detection circuit, shown in Fig. 6. A 
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swept frequency or a dithered frequency oscillator 100, Is adjusted with Its center frequency approximately 
equal to that of the markers to be employed The oscillator 100 drives an amplifier 110 whose output is 
applied to an Interrogation con 1 20 such that an ac field Is developed In the space through which the marker 
130 and other materials are to pass. The interrogation coll 120 Is so configured as to provide an essentially 

e uniform flux density In the Interrogation zone. This may be accomplished by means of a Helmholtz 
configuration, or some other suitable arrangement. The amplifier 1 10 has Its Impedance matched with that 
of interrogating coil 120 to maximize the efficiency requirements thereof. 

The receiving coll 140 is configured in a figure 8* arrangement such that, with no permeable material 
present in the interrogation zone, essentially zero voltage appears at the antenna terminals es a result of 

to flux induced by the drive antenna. The output of this receiving coll Is applied to a narrow band pass filter 
1 50 f whose center frequency follows that of the drive signal. The signal is then applied to the Input of the 
datector, 170, A signal level above the threshold at the instant that the swept frequencies of the oscillator 
are equal to the marker resonant frequencies will cause an alarm signal to be generated by the detector 
Demagnetization of the biasing magnet by the clerk, upon checkout, alters the resonant frequencies and 

15 prevents detection. 

The magnitude of the filtered, amplified signal for a variety of articles placed In the interrogation zone 
depicted in Rg. 6 is set forth in Table 3 below: 

TABLE 3 

20 

SIGNAL 
less man 50 mV 

less than 50 mV 

less than 50 mV 

120 V 



MATERIAL 

Fe 50 N1 50 
Ni 

{NiZn} 0 5 P 2 Q 4 
Pe 40 Ni 38 Mo 4 B 18 



STRUCTURE 
mi crocry stall ine 

nicrocrys tall Ine 

ni croc ry s t a 1 1 ine 

amorphous 



One advantage of the frequency synchronized threshold detector ahown in Fig. 6 is the relative 
immunity of the system to electromagnetic Interference arising from various radiated or power line 
conducted sources. To cause an alarm signal, such interference would have to occur only at the resonant 
frequencies and, In addition be synchronized with the swept frequency. An adaptive threshold detector 

35 which Integrates and averages the signal presented to it would not trigger an alarm signal from a 
synchronous or wide-band interference. 

Table 4 lists examples of nine different encoded markers. The first six markers contain only one 
amorphous magnetostrictive element and can, therefore, be distinguished from each other by their own 
distinct resonant frequency, f r . Markers 7, 8 and 9 have more than one element and can, therefore, be 

40 distinguished from other markers by their own distinct set of frequencies. 

Table 4 also exhibits how the resonant frequency can be tailored by proper choice of alloy 
composition, the thermal preparation and geometry of the magnetostrictive element Thermal preparation 
or heat treatment Is typically done with the element in a saturating magnetic field perpendicular to the 
element length. Heat treatment at different times or temperatures or in other field orientations or with no 

46 field will result In a different resonant frequency. The resonant frequency is also strongly dependent on the 
magnetic bias field present during operation. Figure 8 illustrates the magnetic field dependence of the 
resonant frequency for an Iron-cobalt containing amorphous alloy. 
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TABLE 4 

EXAMPLES OF ENCODED MARKERS 

a). Single Magnetos trictive Element Markers 

Element Composition Thermal preparation 
Marker in Atomic % {min at °C1 



10 


1 


Pe 79 Si 9 B 13 


15 8 450 


2 


Pe 79 Si 9 B 13 


15 8 450 




3 




60 8 350 




4 


**67 0,> 18 B 14 Si l 


. 60 8 350 


15 


5 


P *«7 C0 18 B 14 Si l 


60 8 350 




6 


Pe 40 Ni 38 Mo 4 B 18 


As-cast 




b). 


Multiple Magnetostrictive Element Targets 


20 


7 


Fe 79 Si 9 B 13 


IS 8 450 






Fe 79 Si 9 B 13 


15 8 450 






Pe 79 Si 5 B 16 


30 8 425 


26 


8 


Pe 79 Si 9 B 13 


15 8 450 






F6 79 Si 9 B 13 


15 8 450 






Pe 79 Sl 5 B 16 


30 8 425 


30 




Pe 79 Si 5 B 16 


30 8 425 






Pe 40 Ni 38 Mo 4 B 18 


As-cast 


35 


9 


Pe 79 8i 9 B 13 


As-cast 






Pe 79 Si 5 B 16 


As -cast 






Pe 40 Ni 38 Mo 4 B 18 


As-cast 


40 




Pe 67 Co 18 B 14 Si l 


As-cast 



45 
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TABLE 


4 (continued) 






EXAMPLES 


OF ENCODED MARKERS 




a). 
Marker 


Single Magnetos trlctive Element Markers 
Length Bias Field £ R 
an * 0e kHZ 


1 


10 


1 


14.3 


2 


9 


1 


15.9 


3 


11 


10 


17.6 


4 


10 


10 


19.4 


5 


10 


s 


20.3 


6 


10 


5 


21.8 


b). 


Multiple Magnetostrictive Element Targets 


7 


10 


1 


14.3 




. 9 


1 


15.9 




10 


1 


18.2 


8 


11 


1 


13.0 




9 


1 


15.9 




11 


1 


16.5 




9 


1 


20.2 




10 


5 


21.8 . 


9 


11 


3 


19.7 




12 


3 


18.1 




10 


3 


21.8 




10 


3 


20.3 



The article surveillance system 10 which has been disclosed herein can, of course, be modified in 
numerous ways without departing from the scope of the invention. For example, the hard ferromagnetic 
element 44 that supplied dc bias to activate the marker may alternatively be used to magnetically saturate 
the magnetostrictive strips 18, 18' and thereby deactivate the marker 16. The dc Was may be generated 
(1) by an electric coil, (2) by the earth's field or (3) by utilizing the remanent flux in the magnetostrictive 
material of strips 18, 18'. The interrogating and receiving coils employed may be separate coils or a single 
coil that provides the interrogating and receiving functions. Instead of continuously sweeping the 
interrogation frequency about the resonant frequency of the marker to induce the marker to vibrate, and 
thereafter detecting the substantial change In induced voltage occurring at the mechanical resonance 
frequencies of the marker, an interrogating pulse or burst may be used to excite the marker into oscillation. 
After an interrogating signal of the pulse or bust type is over, the marker will undergo damped oscillation at 
its resonance frequencies. The vibrating marker will cause a voltage to be Induced in the receiving coil at 
each of the resonance frequencies. Several types of signals can be used to energize the marker. For 
example, the marker may be energ ized by a signal having the form of a burst of sine wave frequencies that 
includes each of the different preselected resonant frequencies of strips 18, 18'. Such signals are 
appropriate for energization (1) targets of different resonance frequencies and (2) the receive circuitry 
keyed to discriminate between such targets. Different resonant frequencies are attained by using strips 
with different magnetostrictive compositions, or by having different strip lengths or by using different bias 
magnets. The use of multiple magnetostrictive elements with different resonant frequencies permits 
multiple coding. Other similar modifications can be made which fall within the scope of the present 
invention. It Is accordingly intended that all matter contained in the above description and shown in the 
accompanying drawings be interpreted as Illustrative and not in a limiting sense. 

More specifically, there is illustrated In Fig. 7 an alternative system for interrogating and detecting the 
marker 16. Synchronizing circuit 200 controls the operation of energizing circuit 201 and receiving circuit 
202. The synchronizing circuit 200 sends a synchronizing gate pulse to the energizing circuit 201 which 
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activates the energizing circuit 201 . Upon being activated the energizing circuit 201 generates and sends an 
interrogation signal to interrogating coil 206 for the duration of the synchronizing pulse. An interrogating 
magnetic field generated by the coil 206 excites marker 16 into mechanical resonance. Upon completion of 
the interrogating signal, the synchronizing circuit 200 produces a gate pulse to the receiver circuit 202, 

* which activates the receiver circuit 202. During the period that receiver circuit 202 is activated, the marker if 
present, will generate a signal at the frequencies of mechanical resonance of the marker in receiver coil 207. 
When the marker frequencies are sensed, by receiver 202, the receiver applies a signal to indicator 203, 
which records the presence of the marker 16. 

The interrogating signal generated by energizing circuit 201 may be a burst of sine wave frequencies 
'& that includes each of the different resonant frequencies of the marker 16. Alternatively, the interrogating 
signal may be an Impulse whose width Is equal to 1/(2 fj, where f r is the highest possible marker resonant 
frequency. In yet another embodiment of the Invention, the interrogating signal may be a burst of noise or a 
composite signal whose frequency spectrum contains the resonant frequencies of all possible markers. 

* Claims 

1. A marker (16) for use in a magnetic article surveillance system, said marker (16) comprising an 
elongated ductile strip (18) of ferromagnetic material to be subjected to an incident alternating magnetic 
field applied within an interrogation zone (12), In response to which magnetic field said marker (16) is 

20 adapted to generate a signal to be detected to indicate the presence of said marker (16) within said 
interrogation zone (12), characterized by said marker (16) comprising a plurality of elongated ductile strips 
(18) of magnetostrictive material adapted to be magnetically biased and thereby armed to resonate 
mechanically at preselected frequencies provided by said incident magnetic field, and to undergo a 
substantial change in effective magnetic permeability at said preselected frequencies that provides said 

2S marker with signal identity, each of said strips (18) having a magnetomechanical coupling factor, k, greater 
than 0, where 

30 f r and f a being the resonant and anti-resonant frequencies, respectively. 

2. A marker as recited in claim 1, characterized in that each of said strips (18, 18') is disposed adjacent 
to a ferromagnetic element (44) which, upon being magnetized, magnetically biases said strips (18, 18'} and 
arms them to resonate at said preselected frequencies. 

3. A marker aa recited in claim 1 or 2, characterized in that said magnetostrictive ferromagnetic material 
35 is at least 50 percent amorphous. 

4. A marker as recited In one of claims 1 to 3, characterized in that said material has a composition 
consisting ssentialy of the formula M o N b 0cXdYAr where M is at least one of iron and cobalt, N is nickel, 0 Is 
at least one of chromium and molybdenum, X is at least one of boron and phosphorous, Y is silicon, Z is 
carbon, "a"— T are In atom percent, "a" ranges from about 35—85, "b" ranges from about 0—45, "c" 

40 ranges from about 0—7, "d" ranges from about 5—22, "e" ranges from about 0—1 5 and "f" ranges from 
about 0—2, and the Sum of d -h e +> f ranges from about 15—25. 

5. A marker as recited in one of the claims 1 to 4, characterized in that said strips (18, 18') are 
sandwiched betwee the faces of two pieces of fabric (75), each of said pieces of fabric (75) having planar 
dimensions greater than the corresponding aggregate dimensions of said strips (18, 18'), said pieces of 

45 fabric (75) being joined together at the edges thereof to form fabric sandwiched strips. 

6. A marker as redted in claim 5, characterized in that said fabric sandwiched strips are disposed within 
an air-tight casing of polymeric film. 

7. An article surveillance system responsive to the presence of at least one of a plurality of markers (16) 
within an interrogation zone (12), comprising: 

so a) means (24, 22) for defining an Interrogation zone (12); 

b) generating means (14) for generating a magnetic field having a frequency band within said 
interrogation zone (12) said generating means (14) including an interrogating coil (24); 
characterized by 

c) a plurality of markers (16) as recited in one of the claims 1 to 6; 

BS d) detecting means (22, 170) for detecting resonances of said markers (16) within said interrogation 
zone (12) at each different preselected frequency. 

8. An article surveillance system as recited in claim 7, characterized In that said generating means (14) 
includes energizing means (201) for providing said interrogating coil (24) with an engerizing signal, said 
detecting means includes receiving means (202) for distinguishing a resonant frequency for each of said 

so markers (16) detected by said receiving coil (22) from other frequencies Induced therein and said system 
further includes synchronizing means (200) associated with said energizing means (201 ) and said receiving 
means (202) for sequentially activating and deactivating each of said energizing means (201) and said 
receiving means (202). 

9. An article surveillance system as recited in claim 8, characterized in that said synchronizing means 
65 (200) is adapted to prevent activation of said receiving means (202) for substantially the entire period of 
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time that said energizing means (201) ?s activated. 

10. An article surveillance system as recited in claim 8 or 9, characterized In that said receiving means 
(202) is adapted to distinguish all resonant frequencies for each of said markers (16) detected by said 
receiving coil (22) from other frequencies induced therein. 

5 

PatentansprOche 

1. Anzeigeelement (16) fOr die Verwendung In elnem magnetischen Gegenstandsuberwachungs- 
system, wobei das Anzeigeelement (16) einen langlichen, biegsamen Streifen (18) eines ferromagnetlschen 

10 Materials enthart, welches einem in einer Abfragezone (12) angelegten, elnfallenden magnetischen 
Wechselfeld ausgesetzt werden sol), wobei das Anzeigeelement unter Ansprechen auf dieses magnetische 
Fetd so ausgelegt 1st, daS es ein Signal erzeugt welches erfaBt werden soil/ urn die Gegenwart des 
Anzelgeelementes (16) in der Abfragezone (12) anzuzeigen p dadurch gekennzeichnet, daB das 
Anzeigeelement (60) eine Vielzahl von ISnglichen, biegsamen Streifen (18) aus magnetostriktivem Material 

75 enthdtt, wetche so ausgelegt slnd f daB sie magnetfsch vorgespannt und dadurch bereit gemacht warden, 
mechanisch bei vorgewdhlten Frequenzen, die durch das einfallende Magnetfeld bereltgestellt werden, in 
Resonanzzu kommen und die einer betrachtlichen Anderung der effektiven magnetischen Permeabllitfit 
bei dan ausgewahlten Frequenzen unterllegen, die das Anzeigeelement mit einem Kennsignal versehen, 
wobei Jeder der Streifen (18) elnen magnetomechanlschen Kopplungsfaktor k > 0 hat, wobef gleich 

20 

k = V(i-f r ^.*), 
■ 

wobei f r und f B die Resonanz bzw. Antiresonanzfrequenzen stnd 

2. Anzeigeelement nach Anapruch 1 , dadurch gekennzeichnet daft jedar der Streifen (18, 18') an einem 
25 ferromagnetischen Element (44) anliegend angeordnet ist, welches, wenn es magnetlsiert 1st die Streifen 

(18, 18') magnetisch vorspannt und sie bereit macht, bei den vorgewahlten Frequenzen In Resonanz zu 
kommen. 

3. Anzeigeelement nach Anspruch 1 oder 2, dadurch gekennzeichnet, daft das magnetostriktive, ferro- 
magnetische Material zumlndest zu 50% amorph Ist 

30 4. Anzeigeelement nach einem der AnsprOche 1 bis 3, dadurch gekennzeichnet, daB das Material eine 
Zusammensetzung hat, die Im wesentlichen der Formal M^O^YA entspricht, wobei M zumindest 
eines der Elemente Eisen und Kobalt ist, N Nickel Ist, O zumlndest efnes der Elemente Chrom und 
Molybdfin 1st, X zumindest eines der Elemente Bor und Phosphor ist, Y Sllicium ist, Z Kohlenstoff 1st 
" a "_ »f » in Atomprozenten angegeben slnd, "a" Irn Berelch von etwa 35 bis 85, "b" fm Berelch von etwa 0 

33 bis 45, "e" im Berelch von etwa 0 bis 7. "d" Im Berelch von etwa 6 bis 22, "e" im Berelch von etwa 0 bfs 1 5, 
"f" im Bereich von etwa 0 bis 2 und die Summe von d + e + f im Bereich von etwa 15 bis 25 liegen. 

5. Anzeigeelement nach einem der AnsprOche 1 bis 4, dadurch gekennzeichnet, daft die Streifen (18, 
18') sandwichartig zwischen den Flachen von zwei Gewebestucken (75) angeordnet sind, wobei Jedes der 
GewebestOcke (75) ebene Abmessungen hat die grdfter sind als die entsprechenden Gesamtabmessungen 
der Streifen (18, 18'), wobei die Gewebestucke (75) an Ihren Kanten miteinander verbunden sind, urn 
zwelseitig mit Gewebe beschfchtete Streifen zu Widen. 

6. Anzeigeelement nach Anspruch 5, dadurch gekennzeichnet, daft die zweiseitig mit Gewebe 
beschichteten Streifen in einer luftdichten HGlle aus einer polymeren Folie angeordnet sind, 

7. GegenstandsQberwachungssystem, welches auf die Gegenwart von zumindest einem von einer 
45 Mehrzahl von Anzeigeelementen (16) Innerhalb einer Abfragezone (12) anspricht mit: 

a) einer EInrichtung (24, 22), welche eine Abfragezone (12) definiert; 

b) einer Erzeugungseinrichtung (14) zum Erzeugen eines magnetischen Feldes Innerhalb des 
Abfragezone (12) mit einem Frequenzband, wobei die Erzeugungseinrichtung (14) eine Abfragespule (24) 
aufweiat; 

50 gekennzeichnet durch 

c) eine Vielzahl von Anzeigeelementen (18) nach einem der AnsprOche 1 bis 6; 

d) einer Erfa6sungseinrichtung (22, 170) zum Erfassen der Resonanzen der Anzelgeelemente (16) 
innerhalb der Abfragezone (12) bei Jedar unterschiedlichen vorgewahlten Frequenz. 

8. Gegertstandsuberwachungssystem nach Anspruch 7, dadurch gekennzeichnet, daft die Erzeugungs- 
w elnrichtung (14) eine Erregereinrichtung (201) zum Versehen der Abfragespule (24) mit einem Erregungs- 

signal autwelst, wobei die Erfassungseinrichtung eine Aufnehmereinrichtung (202) zum Unterscheiden 
einer Resonanzfrequenz fOr Jedes der Anzetgeelemente (16), die von der Empfangsspule (22) erfaftt wird, 
von anderen darin rndurierten Frequenzen, und daft das System weiterhin eine Synchronlsiereinrlchtung 
(200) aufweist, welche mit der Erregereinrichtung (201) und der Aufnehmereinrichtung (202) fOr das 
so aufeinanderfolgende Aktivleren und Deaktivieren jeder der genannten Erregereinrichtung (201) und der 
Aufnehmereinrichtung (202) verknupft ist 

9. Gegenstandsuberwachungssystam nach Anspruch 8, dadurch gekennzeichnet, daft die 
Synchronislerelnrichtung (200) so ausgelegt ist, daft sie die AkuVIerung der Aufnehmereinrichtung (202) 
wahrend im wesentlichen der gesamten Zeitdauer verhlndert, wahrend der die Erregereinrichtung (201) 

« aktiviert ist ■ 
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10. GegsnstandsOberwachungsystem nach Anspruch 8 oder 9 P dadurch gekennzetchnet, daS die 
Airfnahmereinrichtung (202) dafQr ausgelegt 1st, alie Resonanzfrequenzon fOr jedes der Anzeigeelemente 
<16), welche von der Aufnehrnerspule (22) erfaBt warden, von anderen darin induzlerten Frequenzen zu 
unterschelden. 

5 

Revendlcations 

1. Marqueur (16) pour utilisation dans un systeme magnetique de surveillance d'articles, le marqueur 
(16) comprenant une bands allonges ductile (18) en mateYiau ferromagnetique destinee a 6tre soumise a 

JO un champ magnetique alternattf incident applique a I'lnterieur d'une zone d'interrogatian (12), le marqueur 
(3 6) en reponse au champ magnetique 4tant destine a produire un signal davant dtre detects pour Indlquer 
la presence du marqueur (16) dans ia zone cfinterrogation (12), caracterise en ce que la marqueur (16) 
comprend une multitude de bandes aliongees ductlles (18) en materiau magn§tostrictif destine es a dtre 
sollfcitees magnetiquement et done a etre armees pour resonner mecaniquement a des frequences < 

76 preselectipnnees foumies par le champ magnetique Incident, et a subir un changement important de la 
permeability magnetique aux frequences preselectionnees qui conferent au marqueur une identite par 
signal, cheque bande (18) ayant un facteur de couptege magnetomecanique, k, superieur a 0, ou 

20 

f r et f a etant lea frequences de resonance et d'anti-resonance, respectivement. 

2. Marqueur salon la revendication 1, caracterise en ce que chacunedes bandes aliongees ductiles (18, 
18') est disposed pres (fun element ferromagnetique (44) qui, lora de son aimantation, sollicite 
magnetiquement les bandes (18, 18') et les arment pour qu'elies resonnent aux frequences 

25 preselectionnees. 

3. Marqueur selon la revendication 1 ou la revendication 2, caracterise en ce que le materiau ferro- 
magnetique magnetostrictif est au mofns amorphe a 50%. 

4w Marqueur selon I'une quelconque des revendicationa 1 a 3, caracterise en ce que le materiau a une 
composition repondant essentiellement a la formula M^N^OoXdYoZt, oO M est au morns le fer ou le cobalt, N 
so le nickel, 0 au molns le chrome ou le molybdene, X au moms le bore ou le phosphore, Y le sllicium, Z le 
carbons, "a"— "f" sont des atomas en %, "a" est compris entre environ 35 et 85, "b" entre environ 0 et 45, 
"c" entre environ 0 et 7, "d" entre environ 5 et 22, "e" entre environ 0 et 15 et "P entre environ 0 et 2, et la 
somme de d + e + f est comprise entre environ 15 et 25. 

5. Marqueur selon I'une quelconque des revendicationa 1 a 4, caracterfsS en ce que les bandes (18, 18') 
35 sont placees entre les faces de deux morceaux de tissu (75), chacun des morceaux de tissu (75) ayant des 

dimensions dans le plan superieures aux dimensions correspondantes des bandes (18, 18'), les morceaux 
de tissu (75) etant reunis a leurs bords de maniere a former des bandes de tissu en sandwich. 

6. Marqueur selon i'une quelconque des revendlcations 1 a 5, caracterise en ce que les bandes de tissu 
en sandwich sont disposers a I'interfeur d'une enveloppe etanche a Fair en pelllcule de polymere- 

40 7. Systeme de surveillance d'articles repondant a la presence d'au moins I'un d'une multitude de 
marqueurs (16) a I'inteneur d'une zone d'interrogation (12), comprenant: 

a) un moyen (22, 24) pour dtfinir une zone d'interrogation (12); 

b) un moyen de generation (14) pour produire un champ magnetique ayant une bande de frequence a 
I'interieur de la zone d'interrogation (12), le moyen de generation comportant une bobine d'interrogation 

45 (24) 

caracte>is6 par: . 

c) une multitude de marqueurs (16) selon I'une quelconque des revendlcations 1 a 6; 

d) un moyen de detection (22, 170) pour detecteur des resonances des marqueurs (16) a Hnterieur de la 
zone d'interrogation (12) a chacune des differentes frequences preselectionnees. 

so 8. Systeme de surveillance d'articles selon la revendication 7, dans lequel le moyen de generation (14) 
comprend un moyen d'excitation (201) pour foumir a la bobine d'interrogation (24) un signal d'excitation, 
le moyen de detection comprend un moyen de reception (202) pour faire une distinction entre une 
frequence de resonance de chaque marqueur (16) detectee par ia bobine de reception (207) et les autres 
frequences induites dans celle-ci, et le systeme comporte en outre un moyen de synchronisation (200) 

55 assocte au moyen d'excitation (201) et au moyen de reception (202) pour activer et desactiver 
sequentie dement chacun des moyens d'excitation (201) et de reception (202). 

9. Systeme de surveillance d'articles selon la revendication 8, dans lequel le moyen de synchronisation 
(200) est destine a empecher I'activation du moyen de reception (202) pendant pratiquement toute la duree 
pendant (aqueiie le moyen d'excitation (201) est active^. 

60 10. Systeme de surveillance d'articles selon la revendication 8 ou 9, caracterise en ce que ledh moyen 
de reception (202) est capable de distinguer toutes frequences de resonance de chacun desdlts marqueurs 
(16) detectees par ladtte bobine de reception (22) de toutes autres frequences y induites. 
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& Coded i 

@ A magnetic article surveillance system marker is 
adapted, when armed, to resonate at preselected frequen- 
cies provided by an incident magnetic field applied within 
an interrogation zone. The marker is a plurality of elongated 
ductile strips of magnetostrictive ferromagnetic material 
each of the strips being disposed adjacent to a ferromagnet- 
ic element which, upon being magnetized, magnetically 
biases the strips and arms them to resonate at the prese- 
lected frequencies. A substantial change in effective mag- 
netic permeability of the marker at the preselected frequen- 
cies provides the marker with signal identity. 
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